Background Relatively little work of a detailed geographical nature has been undertaken on the distribution of place of death. In particular, given evidence that most cancer patients would prefer to die at home there is a need to examine the extent to which this preference is met differentially from place to place.
Introduction
The burgeoning interest in patterns of, and explanations for, inequalities in health among countries of the developed world has taken a number of forms. 1 Within cancer epidemiology, research in England and Wales has considered social and geographical variation in cancer mortality and incidence 2 and survival. 3 Some attention has also been given recently to the predictors of place of death among those with cancer. 4, 5 In particular, given compelling evidence that up to 70 per cent of people with cancer prefer to die at home [6] [7] [8] research has sought to find those factors that best predict cancer death at home. Some studies 8 have found that these preferences are modified as death approaches and that death in a hospice becomes preferable as illness advances. But because home care is the most common preference, with hospice as the next most preferred place of death, there is a need to assess the extent to which preferences are being met, and whether the extent to which they are varies from place to place. Is there geographical variation in place of death and, if so, what accounts for this variation?
There is likely to be a mismatch between preferred and actual place of death, a mismatch that will depend on a variety of factors, not least the availability of services. If patients are aware of a local hospice, and have perhaps used this during a period of palliative care, they may prefer this as a place of death and that preference may be realized. If there is no accessible hospice then death may well occur elsewhere, regardless of preference. Much, then, will depend on service configuration. In attempting to describe and explain place of death among cancer patients we need to take account of the locations of alternative provision. Further, the nature of the illness and the possibility of a sudden death, as well as the availability of services and other resources, may all conspire such that the patient does not die in their preferred setting. Moreover, aggregate figures for one area may mask considerable internal geographical variation.
The broad context for this study lies in the Calman-Hine report, prepared for the Chief Medical Officers of England and Wales in 1995. 9 The focus of this was on improving the quality of cancer services, following concerns about unacceptable Place of death: analysis of cancer deaths in part of North West England variation in service delivery and performance. More recently, the NHS National Cancer Plan, produced in 2000, gives considerable prominence to the reduction in health inequalities. It proposes standards for improving cancer services in a number of respects, including better access to treatment and, most important from our perspective, improvements in access to specialist palliative care. Such palliative care comprises a range of possible services, including: care provided in the home by the primary care team; day centres; specialist care delivered in a hospital setting; and care provided in a hospice.
Given that a majority of cancer patients wish to die at home, what evidence is there for variation in the proportion of patients who do so? Data (1990 Data ( -1994 ) from the Hospice Information Service 10 indicate that, in North West England, there is considerable geographical variation in the proportion of deaths occurring at home, ranging from 33 per cent in South Lancashire to 22 per cent in Morecambe Bay. There is a striking inverse relationship at electoral ward (small area) level, between the proportion of home deaths and socio-economic deprivation, both across England as a whole and in particular regions. 5 Low rates may be due to a number of factors, including perhaps the relatively good provision, in some parts of a district, of hospice care. An examination solely of home deaths, in the absence of data on the availability of provision in other settings, may give a misleading picture. Small areas that have low proportions of home deaths may have either a hospital or a hospice close by, affording an alternative place of death. We cannot hope for a full explanation of variation in home death without taking account of these geographical determinants. As Higginson et al. observed, 'analysis of supply effects, such as available palliative care services, social services and GP community hospitals, is needed to investigate the variation further'. 5 Others too 6 argue that distance to services needs to be taken into account. We do this in our study by using geographical information systems (GIS).
The research reported below considers place-to-place variation in where cancer deaths occur, within the area covered by Morecambe Bay Health Authority. (As of April 2002 Health Authorities in England have been reconfigured and Morecambe Bay Health Authority no longer exists. It has been merged with other HAs to form a new Strategic Health Authority for Cumbria and Lancashire.) We attempt to explain this variation using two scales of analysis; first, among small areas (electoral wards) and, second, among individuals. We use a range of possible predictors, both socio-demographic and geographical. The research is part of a wider study (see Acknowledgements) into the care preferences of cancer patients in Morecambe Bay, a study that is conducting in-depth interviews with patients, carers and health professionals, so as to better understand the preferences for, and determinants of, place of death.
Material and methods
The area covered by the former Morecambe Bay Health Authority has a population of approximately 320 000 persons.
There are two main centres of population: Lancaster-Morecambe and Barrow. The area also includes the semi-rural district of South Lakeland, the main focus of which is the market town of Kendal. There are two hospices in the study area, one just north of Lancaster with 21 beds, the other in Ulverston (near Barrow) with eight beds. These opened in 1985 and 1989, respectively. There are district general hospitals in Lancaster and Barrow and a smaller hospital in Kendal. During the study period a Macmillan Unit (nine beds) opened at the Lancaster hospital site and an Oncology Unit (six beds) at the Barrow site. In addition, a palliative care nurse post was created at Lancaster.
Anonymized patient data were provided by the Health Authority, and comprised the Death Extract File (1993) (1994) (1995) (1996) (1997) and the Public Health Mortality File (1998) (1999) (2000) , as supplied by the Office for National Statistics (ONS). Data fields included: age at death; sex; year of death; postcode of home address; electoral ward of residence; place of death (home, hospital, hospice, nursing/retirement home, or elsewhere); and cancer site (tumour type). We removed from the file those deaths that occurred outside the study area. This yielded 6900 individuals, all with home addresses within 89 electoral wards of Morecambe Bay.
We added to the file the Carstairs deprivation index 11 for each electoral ward, based on 1991 Census data. Using a postcode look-up table, relating postcode to Ordnance Survey grid reference, and digital road network data (from Bartholomews Ltd) we calculated travel distances by road from postcode of home address to the nearest hospital and hospice. We also constructed a notional hospital 'catchment area', based on travel distance to the nearest hospital; this served to distinguish between wards in the three main geographical areas: LancasterMorecambe, Barrow and South Lakeland.
For the ward-level analysis we fit binomial regression models, using the GLIM (generalized linear modelling) package, modelling the observed proportion of deaths in each setting and using the total number of deaths as the binomial denominator (the sample size). We look first at the effect of deprivation but then control for possible proximity effects by including travel distance from ward centroid to nearest hospital and nearest hospice as predictor variables. We also see if the general relationship holds across all areas; does catchment area have any effect? We take the Lancaster-Morecambe area as the reference 'catchment'.
In the individual-level analysis we use binary logistic regression models, where we consider a death to be: at home (or elsewhere); in hospital (or elsewhere); and so on. These models are estimated using the SPSS package. Backward elimination with a 5 per cent significance level is used in both analyses to determine the best model. In the binomial regression models, goodness of fit is measured by 'scaled deviance'; for a well-fitting model the scaled deviance should not be much larger than the residual degrees of freedom. For the binary logistic regression models we express results in terms of odds ratios (ORs) and 95 per cent confidence intervals (CIs). A variable is taken to be a good predictor if the CI does not include unity. Lancaster-Morecambe is again taken as the reference area. Breast cancer is used as the reference category for tumour type, and male for gender. In the absence of any information on socio-economic status for individuals we have attached the ward-level Carstairs index to each patient; although crude, this provides one means of describing the areas within which patients live.
Results
Of the 6900 deaths, 35 per cent occurred in hospital, 33 per cent in a hospice and 22 per cent at home. The remaining 10 per cent had no place of death recorded, were deaths that occurred outside the region, or occurred in an ambulance. Just over half of all deaths were due to cancers of either the digestive (29 per cent) or respiratory systems (24 per cent), with smaller proportions due to cancers of the breast, genitourinary or lymphatic systems.
Ward-level analysis
Results (Figure 1 ) indicate that the probability of dying in hospital or in a hospice increases with area deprivation, whereas the converse is so for dying at home or in a nursing or retirement home. We now look at each place of death in turn, seeking to find which variables, including deprivation, best predict area (ward-level) variation in place of death.
Death at home
The only variable that predicts successfully the probability of dying at home is the catchment area. Small areas in South 
Death in hospital
These results (Table 1) indicate that there are independent effects, on the probability of dying in hospital, of both deprivation and proximity to place of death. Deprived wards are significantly more likely to have cancer patients dying in hospital. Small areas near a hospital are more likely to have patients die in hospital, whereas those living near a hospice are significantly less likely to die in hospital. The probability of dying in hospital is elevated if the patient was living in Barrow or South Lakeland. This model fits the data reasonably well (scaled deviance 103.6, 83 df).
Death in hospice
Small areas in both the Barrow and South Lakeland 'catchments' are significantly less likely those than in LancasterMorecambe to have cancer patients dying in hospice (Table 1 ). In addition, there are proximity effects, with wards relatively close to a hospice more likely to have patients dying in a hospice. This model fits the data well (scaled deviance 89.4, 85 df).
Death in nursing or retirement home
Ward-level deprivation is a significant determinant of whether patients from those wards die in a nursing or retirement home, with less deprived wards more likely to have patients dying there (Table 1) . Electoral wards that are more remote from a hospital are significantly more likely to have patients dying in a nursing or residential home; the converse is true of distance from a hospice. However, the model does not fit the data well (scaled deviance 285.6, 83 df). Figure 2 summarizes the effect of deprivation on place of death once other variables are controlled for, taking a hypothetical ward located about 15 km from Lancaster. This shows that deprivation has no effect on the probability of dying either in a hospice or at home. As ward-level deprivation increases, and controlling for other variables, the probability increases that a deprived ward will generate more patients dying in hospital. Equally, a more affluent ward is more likely to generate more patients dying in a nursing or retirement home.
We conducted separate analyses on three subsets of cancers (respiratory, digestive and breast). The results are broadly consistent with those for all sites as a whole, though some variables (such as deprivation) have explanatory power for some tumour types and not others.
Individual level analysis

Death at home
The logistic regression model suggests that cancer patients are more likely to die at home if: they live in relatively affluent wards; they are male; they are relatively young; they have a cancer of the respiratory system; and live in Barrow or South Lakeland (Table 2 ). They are much less likely to die at home if they have cancer of the lymphatic system (OR 0.592, 95 per cent CI 0.410-0.855). The probability of dying at home is higher in the earlier part of the study period.
Death in hospital
Cancer patients are more likely to die in hospital if: they live in more deprived electoral wards; they are male; if they are older people; and if they have cancer of the lymphatic system ( Table 2 ). The probability of dying in hospital has increased slightly during the study period. Those in Barrow are 84 per cent more likely to die in hospital, whereas those in South Lakeland are 68 per cent more likely to do so than those living in Lancaster. Patients living close to a hospital are more likely to die there. Those living further away from a hospice are more likely to die in hospital.
Death in hospice
The probability of dying in a hospice increases if cancer patients are relatively young and live close to a hospice. Patients living outside the Lancaster area are between 36 and 51 per cent less likely to die in a hospice than those living within the Lancaster 'catchment', or if they have cancer of the lymphatic system ( Table 2 ). 
Death in nursing home
The probability of cancer patients dying in a nursing home increases if: they are female; they are older; and if they do not live near a hospital. Patients are less likely to die in a nursing or retirement home if they live in a deprived area, live in South Lakeland, and if they have cancer of the digestive, lymphatic and respiratory systems ( Table 2) .
Discussion
Earlier work 5 has shown that, for all electoral wards in England, there is an inverse association between the proportion of deaths at home and social deprivation. Our research in a small part of the country confirms this, but indicates that when we adjust for other influences this relationship largely disappears. Only the inverse relationship between the proportion of deaths in nursing homes and deprivation, and the positive association between the proportion of deaths in hospital and deprivation remain when we adjust for other factors. Small areas that are deprived are more likely to have higher proportions of deaths in hospital. This modifies the findings of others who have not adjusted for other variables (in particular, local variations in the supply of hospice services) when looking at home deaths and deprivation. Those living in more deprived areas may have fewer resources with which to gain access to nursing homes and may therefore be more likely to die in a hospital. These are our conclusions from analysing data aggregated to small areas.
We have only a limited set of data at the individual level to help predict place of death. Other studies 12 have demonstrated that cancer patients in relatively unskilled occupational groups were more likely to die in hospital, and less likely to die in hospice, than those in higher status occupations. As Higginson et al. found, 5 the relative paucity of occupational data in the death files renders difficult the assessment of the impact of social class on place of death. As in their study we simply used area deprivation as a surrogate. Interestingly, this variable is retained in the model, suggesting that 'area characteristics' (to the extent that these may be captured by a deprivation score) may play some role in predicting place of death at the individual level.
We have found, in common with other studies, that there are associations between gender and age and place of death. Men are more likely to die at home but gender has no effect on the likelihood of death in hospice. Women are more likely to die in nursing homes. Younger patients are more likely to die at home or in a hospice, whereas older cancer patients are more likely to die in hospital. If it is assumed that most people would prefer to die at home, there are clearly inequalities according to age and gender in place of death.
Tumour type is a determinant of place of death, particularly for lymphatic cancer (and to a lesser extent, cancers of the respiratory and digestive systems). Those with lymphomas are much more likely to die in hospital (supporting the work of Higginson et al. 4 and numerous studies reviewed elsewhere 6 ), reflecting their longer stay for treatment and the closer association they perhaps have with hospital settings and staff. Those with respiratory cancers are more likely to die at home (a finding again shared with Higginson et al. 4 ) and less likely to die in a nursing home. Like Higginson et al. 5 we find some evidence that the probability of death at home has declined during the study period.
As Higginson et al. pointed out, 5 we need data on supplyside variables to explain adequately variation in the proportion of home deaths; areas with high proportions may simply reflect an absence of specialist in-patient palliative care provision. We have taken into account the supply side by measuring proximity to hospitals and hospices. At the individual level these are significant influences; proximity to a hospice increases the probability that a cancer patient will die there, and the same is true for hospitals.
Our results at aggregate and individual scales are broadly consistent. We have established that there is, in the Morecambe Bay area, distinctive geographical variation in the probability of cancer death in specific settings. Those in Barrow and South Lakeland are more likely to die at home or in hospital than those in Lancaster, whereas those in Lancaster are more likely to die in a hospice than are those elsewhere. Both gender and age are determinants of place of death. Male cancer patients are more likely than women to die at home or in hospital, whereas women are more likely than males to die in nursing homes. Younger patients tend to die at home, and older ones in hospital or nursing homes. These findings reflect patterns of caring and partnerships through the life-course. Many of these findings are consistent with those summarized elsewhere. 6 However, we would not want to claim that these findings would be replicated in all parts of the country; the provision of two hospices means that the proportion of cancer deaths in that setting is relatively high (33 per cent), whereas the proportion of hospital deaths is relatively low (35 per cent). Higginson et al. 4 reported data for 1994 (a date that corresponds to the start of our study period) indicating that these proportions in England as a whole are 14 per cent in hospices and 43 per cent respectively. This disparity may limit the generalizability of our findings.
Our results confirm the findings of earlier research into the determinants of home death among cancer patients, although we have extended previous analyses to examine other possible places of death. Most importantly, we have added geographical influences into the picture, as we need to account for proximity to alternative places of death and the extent to which such alternatives are distributed differentially.
We lack any quantitative data on other possible determinants of place of death. Other studies have pointed to the relative importance of variables such as the nature and quality of informal carer support in predicting home death. Patients in partnerships are significantly more likely to die at home than those who live alone. We do not have, from the mortality data, any information on the roles played by health professionals. Clearly, these will be crucial in shaping decisions made near the end of life. It will be productive to have in-depth studies of pur-posively sampled groups to shed light on some of the processes, and perceptions of alternatives, that shape outcomes at the end of life. These will include professional practices and individual preferences. Our current research seeks to do precisely this and we shall report on the findings in other work.
